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© Electric signal amplifiers. 

© A linear high power amplifier suitable for low voltage 
operation comprising a push-pull output stage (Q1, Q2) 
arranged to control the voltage supplied to a load (Z L ) in 
dependence on an input signal <V IN ) applied to the amplifier. 
Means (L s , S) is provided for separately supplying to said 
load (ZJ a current (t s ) which changes at a rate faster than the 
maximum rate of change of current (IJ in the toad (ZJ 
required by the input signal (V, N ) thereby to produce a 
corresponding change in the current (l A ) required to be 
supplied by the output stage (01, Q2) to the load (ZJ in order 
to maintain the voltage across the load (ZJ at the value 
required by said input signal (V, N ). Switching means (Q3, Q4, 
C) operated in dependence on the value of the current (l A ) 
supplied to the load (ZJ by the output stage (Q1, 02) causes 
the sense In which said changing current |l s ) changes to 
reverse when said current (U) supplied by said output stage 
(Q1, 02) exceeds b predetermined positive value (Up) or a 
predetermined negative value (l AN ) which predetermined 
values are less than the total current (I J required by the input 
signal |V, N ) to be supplied to the load (ZJ, thereby to restrict 
the current (l A ) supplied to the load (ZJ by the output stage 

G1, Q2) to values between said predetermined values (l AP , 

an)* 

The means for separately supplying a current to the load 
suitably comprises an inductance (L s ) connected in series 
vith a voltage source (S) across the load (ZJ. 
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-1- FAD/2597 fc^fl: 

Electric signal amplifiers 
This invention relates to electric signal 
amplifiers . 

An amplifier required to impress an amplified 
version of an electric input signal on a load must 
have an output stage with adequate current and voltage 
capability. For loads requiring a high voltage/current 
product a simple amplifier has to dissipate high power 
in its output stage. In many applications this 
dissipation is intolerable and means to reduce the 
dissipation are sought* Beyond reducing the quiescent 
power in the output stage to near zero by so-called 
Class B operation, there are techniques that switch 
higher supply voltages to the output stage only when 
the output voltage is required to be high. Such 
techniques reduce dissipation by dropping as little 
voltage as possible across the output stage active 
devices. Whilst satisfactory for medium and high 
voltages these techniques offer little benefit for low 
voltage, high current applications where load voltages 
are comparable with voltages dropped across the active 
devices. Furthermore, operating linear power active 
active devices at low voltages can often impair their 
gain and dynamic properties. 

One known form of electric amplifier which can 
satisfactorily be used for low voltage, high current 
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applications compris s: an output stage arranged to 
control the voltage suppll d to the load in dependenoe 
on an input signal applied to the amplifier; means 
for separately supplying to said load a current which 

5 changes at a rate faster than the maximum rate of change 
of current in the load required by the input signal, 
thereby to produce a corresponding change in the current 
required to be supplied by the output stage to the load 
in order to maintain the voltage across the load at the 

10 value required by the input signal; and switching means 
operated in dependence on the value of the current 
supplied to the load by said output stage so as to control 
the sense in which the changing current changes, 
thereby to restrict the current supplied to the load by 

15 the output stage to values less than the total current 
required by the input signal. 

Such an amplifier is shown in GB 2070373-A. 
This amplifier uses a switching means comprising two 
switching circuits, one of which serves to restrict the 

20 current supplied by the output stage to values between 
two predetermined positive levels for positive input 
signals and the other of which restricts the current 
supplied by the output stage to values between two 
predetermined negative values for negative input signals. 

25 It is an object of the present invention to 

provide an improved form of such an amplifier which 
utilises a simpler switching means. 

Accordingly the present invention provides an 
electric signal amplifier comprising an output stage 

30 arranged to control the voltage supplied to a load in 

dependence, on an input signal applied to the amplifier; 
means for separately supplying to said load a current 
which changes at a rate faster than a maximum required 
rate of change of current in the 

35 load, ther by to produce a corresponding change 

in the current required to. be supplied by the output 
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stage to the load in order to maintain the voltage 
across the load at the value required by said input 
signal; and switching means perated in dependence ? ■ ■ ■■ 
on the value of the current supplied to the load by said 

5 output stage so as to control the sense in which said • 

changing current changes, thereby to restrict the current 
supplied to the load by the output staee to values less 
than. the total peak current required by the input signal; 
characterised in that said output stage is a push-pull 

10 stage and said switching means causes the sense in which 
the changing current changes to reverse only vhen said 
current supplied by said output stage exceeds a pre- 
determined positive value or a predetermined negative 
value, which predetermined values are less than the total 

15 current required by the input signal to be supplied to 
the load, thereby to restrict the current supplied to : 
the load by the output stage to values between said 
predetermined values. 

Said means for separately supplying a current to 

20 said load suitably comprises an inductance connected in 
series with a voltage source across said load. 

Said switching means suitably comprises two 
electronic switching elements respectively connected 
between one end of said load and points at potentials 

25 of opposite polarity with respect to the potential of 
the other end of said load. 

Two amplifiers in accordance with the invention 
will now be described, by way of example, with 
reference to the accompanying drawings in which 

30 Figure 1 is a circuit diagram of the first 

amplifier to be described; 

Figure 2 is a circuit diagram of the second 
amplifier to be described; and 

Figure 2 is a graph illustrating the operation 

35 of the amplifier of Figure 1 * 
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Referring to Figure 1, the first amplifier to 
be described comprises a push-pull output stage 
including an NPN transistor Q1 and a PKP transistor Q2 
whose base potentials are controlled by outputs derived 
5 from the preceding stages of the amplifier represented 

by A, which operate as a linear amplifier, in dependence 
on an input signal V Jir The collectors of transistors 
Q1 and 02 are respectively connected to lines at positive 
and negative potentials V Lp and V LN respectively with 
10 respect to ground via resistors R1 and R2, and the 

emitters of the transistors Q1 and Q2 are connected to 
one another and to one end of a load impedance Z L whose 
other end is grounded ♦ 

The ungrounded end of load impedance Z L is also 
15 connected to one end of an inductor L s whose other end 
is arranged for connection via a switching arrangement 
comprising two MOS field effect transistors Q3 and QM 
to either a positive potential V sp with respect to ground 
supplied by a voltage source S or a negative potential 
20 V- M with respect to ground supplied by the source S. 

The gate potentials of the transistors Q3 and 
are controlled by a control circuit C in dependence 
on the currents in the transistors Q1 and Q2 as described 
in more detail below. 
25 The operation of the amplifier is as follows:- 

The linear amplifier A controls the voltage 
supplied by output stage Q1, Q2 to the load Z L in response 
to its input voltage, V IN> and establishes a load current, 
I L . Suppose that initially Q3 is f on f ; the resulting 
30 increasing current, Ig, through L g correspondingly reduces 
the current supplied to the load Z L by the output stage 
Q1 f Q2- The current supplied by the output stage I A is 
(I L - I g ) and, providing Ig can increase faster than I L> 
I A will eventually become n gative and reach a negative 
35 threshold At this point the control circuit C 

switches Q3 'off and Q*i •on'. The resulting change 
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in polarity of voltage across L g causes the sense of 
th change in I c to change i.e. causes I. to decrease 
at a predictable rate. After a time, I. becom s 
positive and eventually reaches a positive threshold 



5 I Ap . This causes the control circuit C to turn 

'off and Q3 'on 1 once again and the cycle of events 
described above recommences. Hence, as illustrated 
in Figure 3, I A ramps up and down between the limits 
I Ap and I AN , irrespective of the load current IjV If 

10 I Ap - - I AN the average value of 1^ equals I L and 

the average modulus of I A is i I Ap , Thus the bulk of 
the load current can be handled by the power efficient' 
switching circuit Q3, Qj*» Lg, leaving only a small 
ripple current to be handled by the output stage Q1, 

15 Q2 with consequent low dissipation. 

The choice of L g , Vg p and Vg N is limited by the 
rate of change of 1^ which I<, must exceed* The faster 
the rate of change of I g required, then the higher will 
be the resulting switching frequency, and switching 

20 losses for a given I Ap and I A jj» Alternatively, for a 
given maximum switching frequency the higher the values 
of *AP and J AN need to be 'and 'henee the higher the 
dissipation in Q1 and Q2. In practice, a suitable 
compromise will result in a minimum overall dissipation. 

25 Clearly the faster Q3 and Q 1 * can switch the lower the 
switching and linear amplifier losses will be. With 
currently available fast switching power MOSFETs the 
usefulness of this technique extends to frequencies up 
to about 100 kHz in power bandwidth amplifier applications. 

30 The load impedance may be any mix of resistive 

and reactive components, but the improvement in efficiency 
by adding the switching circuit will depend on how well 
I g can follow demanded changes in 1^. If is 
dominantly capacitiye with fast changes of voltage being 

35 applied to it then I Ap and I A jj must be relatively high 
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for a given maximum switching frequency for Q3 and QH 
and the resultant pulses in I & may not be significantly 
reduced by I s - Generally amplifiers with loads which 
are dominantly resistive or inductive will benefit from 
the technique. 

One particular application of an amplifier in 
accordance with the invention J.s for driving an inductive 
load such as a cathode ray tube (CRT) deflection coil. 

One such arrangement is shown in Figure 2, an 
inductance L L together with a series resistor R3 
constituting the load impedance of the amplifier and 
the amplifier comprising output stage transistors Q1 and 
Q2, stages A, switching transistors Q3 and Qb, control 
circuit C and inductance L g , as in the arrangement of 
Figure 1* 

In order to avoid the necessity of designing 
the amplifier to cope with very rapid changes in current 
in inductance L L such as may be required during raster 
fly-back where L L is a CRT deflection coil, such changes 
may be superimposed on the changes effected in response 
to changes in the amplifier input signal V IK via a 
transformer T. 

The transformer T includes two windings Ng and 
N L connected in series between the inductance L g and L L 
and a third winding N T having a turns ratio with winding 
N T such as to cause the required high voltage across 
inductance L^- 

The circuit for generating the required high 
voltages is connected across winding N T> Figure 2 showing, 
by way of example, a circuit comprising field effect 
transistors Q5, Q6 and Q7 capacitors C1 and C2 and a 
fly-back energy top-up circuit F for generating a 
unidirectional raster flyback pulse in response to a 
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command signal FLYBACK* The circuit also includes means 
for short circuiting winding M T in response to a mode 
control signal for modes of operation not requiring fast 
current changes in load inductance L^# 

5 The winding Ng is required because throughout 

and after fast changes in the current in inductance 
imposed via transformer T the circuit Lg, Q3 f Q 1 * must 
still supply the bulk of the load current in L^. To 
this end complementary windings Ng and N L are provided 

10 on transformer T to provide complementary voltages to 

Lg and L^. The turns ratio of the windings Ng and ' ; 
is equal to the ratio of the values of inductances 
L s and L L during fly-back, to provide similar rates of 
change of currents in Lg and h^ f 

15 The arrangement of Figure 2 is suitably operated 

with the input signal Vj N comprising a sawtooth component 
controlling the X or Y scan of a spot orr the CRT screen 
and a dc component which may be varied to shift the 
location of the resulting scan on the CRT screen whilst 

20 rapid raster flyback is obtained as described abovfe. 

In a modification of the arrangement .of Figure 
2, a bidirectional pulse transformer unit is provided to 
allow fast current changes in Lg of either sense. However, 
such an. .arrangement is more complex in order to control 

25 the transformer flux integration and prevent transformer 
core saturation. 
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CLAIMS 

1. An lectric signal amplifier comprising an 

output stage (Q1, 02) arranged to control the voltage 
supplied to a load (Z^) in depend nee on an input signal 
(V JN ) applied to the amplifier:, means (L g ) for 
5 separately supplying to said load (Z L ) a, current 

which changes at a rate faster than a maximum required 
rate of change of current (1^) in ,the load (Z L ) f 
thereby to produce a corresponding 

change in the current (I A ) required to be supplied by 

10 the output stage (Q1 f Q2) to the load (Z L ) in order to 
maintain the voltage across the load (Z L > at the value 
required by said input signal (V JH ); and switching means 
(03, Q^t C) operated in dependence on the value of the 
current (I fi ) supplied to the load (Z L ) by said output 

15 stage (01, Q2) so as to control the sense in which said 
changing current (Ig) changes, thereby to restrict the 
current (I A ) supplied to the load (Z L ) by the output stage 
(Q1 , 02) to values less than the total peak current (1^) 
required by the input signal (V IfJ ); characterised in that 

20 said output stage (Q1, Q2) is a push-pull stage (Q1, Q2) 
and said switching means (Q3, Q 1 *, C) causes the sense in 
which the changing current (I g ) changes to reverse only 
when said current (I A ) supplied by said output stage 
(Q1, Q2) exceeds a predetermined positive value (I A p) or 

25 a predetermined negative value (I AN ), which predetermined 
values d Ap » I AN ) a pe less than the total peak current (I L ) 
required by the input signal (V IN ) to be supplied to the 
load (Z L ) thereby to restrict the current (I A ) supplied 
to the load (Z L ) by the output stage (Q1 , Q2) to values 

30 between said predetermined values (I A p» 

2„ An amplifier according to Claim 1 wherein said 

means for supplying a current to said load (Z L ) comprises 
an inductance (L«) connected in series with a voltage 
» source (S) across said load (Z T )» 
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3. An amplifier according to Claim 1 or Claim 2 

wherein said switching means comprises two electronic 
switching elements (Q3, Q*0 respectively connected 
between one end of said load (Z^). and points at potentials 

5 ^SP' ^SN^ of 0 PP° s * te polarity with respect to the 
potential of the other end of said load (Z^). 

An amplifier according to any preceding claim 
wherein said switching means uses field effect transistor 
switching elements (Q3, Q*lK 

10 5. An amplifier according to any preceding claim 

wherein said predetermined positive and negative values 
(I^p, Ijuj) are °F substantially equal magnitude. 
6. An amplifier according to any preceding claim, 

the amplifier being a linear amplifier. 

15 7. An amplifier according to any preceding claim 

including a transformer (T) having a first winding (N s 
or N L ) in series with said load (L L )< and circuit 
means (Q5, Q6, Q7, C1 f C2, F) connected across a sfecfrr.'d 
winding (Ny) of said transformer (T) whereby rapid 

20 changes of the current (1^) in said load (L^) may be 

superimposed on the changes effected in response to said 
input signal 

8. An amplifier according to Claim 7 wherein said 

transformer (T) has two said first windings (N g and N^) 
25 connected in series between said load (L T ) and said means 
(Lg,S) for separately supplying a current to said load 
(L L ) and the output of said push-pull stage (Q1, Q2) 
is applied to the junction between said two windings 
(N g and N^) . 

30 9. An amplifier according to any one of the preceding 

claims wherein said load is dominantly resistive (Z L ) 
or inductive (L^ and R). 

10. An amplifier according to Claim 9 wherein said 

load comprises a cathode ray tube deflection coil (L T ). 
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